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ABSTRACT: A hydraulic cylinder control valve having a 
spool with an orifice to set the rate at which supply fluid flows 
to the cylinder through either of a pair of service passages. A 
throttle notch in the spool restricts cylinder exhaust flow to an 
outlet from one of the service passages. A first pressure 
responsive compensating valve mechanism which is actuated 
in response to change in pressure differential across the orifice 
maintains supply flow rate at the value set by the valve spool. 
A second pressure compensating valve mechanism is actuated 
in response to increase in pressure differential across the 
throttle notch to assure against exhaust flow through said one 
service passage at a rate any greater than that at which fluid 
flows to the cylinder through the other service passage. 
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PRESSURE COMPENSATED CONTROL VALWE 

This invention relates to pressure compensated control 
valves of the type having a pair of service passages for connec 
tion with the opposite sides of a reversible fluid motor, and it 
has more particular reference to a control valve by which 
pressure fluid can be directed to either service passage from 
the valve inlet at any of a number of different flow rates and 
automatically held at the desired rate despite variations in the 
pressure of the fluid supply or in the load upon the governed 
notor. 
In general, it is old in the control valve art to maintain the 

rate of fluid flow to a controlled motor at a value determined 
by the setting of a flow restricting orifice, independently of 
variations in the pressure of supply fluid or in the magnitude of 
the load driven by the motor. 
One hydraulic control valve intended to function in the 

above described manner is provided with a fluid pressure ac 
tuatable main or directional valve spool, and a manually 
operable pilot valve to effect actuation of the main valve spool 
from a neutral position to each of a pair of operating positions 
to selectively direct supply fluid to one or the other of a pair of 
service passages. The pilot is also employed to deliver supply 
fluid to the selected service passage in an amount determined 
by the setting of the pilot valve spool. A flow divider type com 
pensating valve common to both service passages is responsive 
to the pressure drop across a metering orifice controlled by 
the pilot spool, to maintain the rate of fluid flow to the 
selected service passage at the value set by the pilotspool. The 
compensating valve mechanism also serves as a pump un 
loader in the neutral position of the main valve. 

In another known valve construction, a single pressure com 
pensating valve mechanism of the flow divider pump unload 
ing type is also incorporated in a pilot governed directional 
control valve. The pilot valve adjusts the size of an orifice by 
which a reduced flow of supply fluid to the directional valve 
spool is established, and the spool then directs the fluid to a 
selected one of two service passages. The pressure compensat 
ing valve mechanism functions in response to variations in the 
pressure drop across the orifice to maintain the flow rate set 
by the pilot valve at a constant value regardless of fluctuations 
in the pressure of supply fluid or in the load on the governed 
Otor. 
In another known construction, the flow of supply fluid to 

the service passages is metered by passage thereof through a 
throttling groove in the directional control spool itself, but in 
this case, separate compensating valve devices must be pro 
vided for each of the two service passages of the valve. 

In contrast, it is the primary objective of this invention to 
provide a pressure compensated control valve featuring a 
manually actuatable directional control spool for selectively 
communicating an inlet passage with either one of a pair of 
service passages for flow of supply pressure fluid thereto at a 
rate determined by the extent the spool is displaced out of its 
neutral position, and wherein a pressure compensating valve 
mechanism common to both service passages maintains the 
selected supply flow rate despite variations in the load on the 
controlled motor or in the pressure of supply fluid entering the 
control valve inlet. 
A more specific purpose of the invention resides in the 

provision of a pressure compensated control valve of the 
closed center type having a land on its directional valve spool 
which, in neutral, blocks communication between the valve 
inlet and a feeder passage from which the service passages are 
supplied, and which land is provided with throttling notches 
through which supply fluid flows to the feeder passage in 
either operating position of the valve spool in a metered 
amount depending upon the extent the spool is displaced from 
neutral. 
Another object of the invention resides in the provision of a 

pressure compensated control valve of the character 
described in the two preceding paragraphs, wherein another 
pressure compensating valve mechanism regulates flow of 
return fluid to the valve outlet from one of the service 
passages of the valve. 
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2 
With these observations and objects in mind, the manner in 

which the invention achieves its purpose will be appreciated 
from the following description and the accompanying 
drawings. This disclosure is intended merely to exemplify the 
invention. The invention is not limited to the particular struc 
ture or method disclosed, and changes can be made therein 
which lie within the scope of the appended claims without de 
parting from the invention. 
The drawings illustrate several complete examples of the 

physical embodiment of the invention constructed according 
to the best modes so far devised for the practical application 
of the principles thereof, and in which: 

FIG. is a diagrammatic view of a pressure compensated 
control valve of this invention, embodied in a typical hydraulic 
system; 

FIG. 2 is a fragmentary sectional view illustrating how the 
mechanism of FG. A can be embodied in a sectional valve as 
sembly; 

FIG. 3 is a fragmentary diagrammatic view similar to FIG. 
but illustrating a modified embodiment of the invention; 

FIGS. 4 and 5 are diagrammatic views similar to FIG. 3, but 
illustrating further modifications of the invention; 

F.G. 6 is a fragmentary diagrammatic view, in section, of a 
modified form of pressure compensating valve mechanism 
having a dampened compensating plunger; and 

FEG. 7 is a diagrammatic view similar to FIG. a, but illustrat 
ing a further modification of the invention. 

Referring now to the accompanying drawings, FIG. 1 dia 
grammatically indicates how a pressure compensated control 
valve 5 of this invention can be embodied in a fluid pressure 
operated system to regulate the rate at which pressure fluid is 
delivered to a reversible fluid motor such as a double acting 
hydraulic cylinder 6 from a source, such as a pump 7. The 
body of the control valve 5 contains a valve spoc; 3 which is 
slidable axially in a bore 9 from a neutral position shown, to 
each of a pair of operating positions at opposite sides of 
neutral. 
A total of eight passages communicates with the bore 9 at 

spaced locations along its length. Two of these are paired 
together and are located at a zone medially of the ends of the 
bore. One of them provides a supply passage 10 which, as in 
dicated, receives pressure fluid from the pump. The other pro 
vides a transfer passage ... through which pressure fluid is 
conducted to a feeder passage 12 downstream therefrom. An 
offset branch 13 of the transfer passage connects with the 
feederpassage through a load holding check valve 14. 
The feeder passage 12 is of inverted U-shape. Its legs pro 

vide branch passages 5 and 16 which are downstream from 
the check valve 14 and intersect the bore 9 at opposite sides of 
the medial zone mentioned above. Near its extremities, the 
bore 9 is intersected by exhaust passages 17 and 18; and at lo 
cations intermediate adjacent exhaust passages and feeder 
branches, the bore is intersected by a pair of service passages 
19 and 20. The service passages 19 and 20 may be respectively 
connected with the head and rod ends of the cylinder in the 
manner indicated. 
The valve spool 8 has four circumferential grooves 21, 22, 

23 and 24 therein at axially spaced locations. The two center 
grooves 22 and 23 define between them a land 25 that serves 
to block communication between the inlet passage 0 and the 
transfer passage ill when the valve spool is in its neutral posi 
tion shown. 

it should here be noted that the transfer passage 11, 13 in 
effect provides an upstream branch of the feeder passage 12. 
Also, since in its neutral position the spool 8 prevents commu 
nication between the inlet passage 10 and all of the other 
passages identified above, it will be apparent that the control 
valve of this invention is of the closed center type. 
The lands 26 and 27 at opposite sides of the center land 25, 

normally prevent the downstream feeder branches 15 and 16 
from communicating through the spool bore with either of the 
service passages 19-20 or with the two center passages 10 
and 1. The solid end portions 28 of the spool, of course, nor 
mally block communication between the service passages 9 
and 20 and their respective exhaust passages 17 and 18. 
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With the described arrangement of passages and spool 
grooves, the spool can be shifted from its closed center neutral 
position shown to a first operating position to the left of 
neutral to direct pressure fluid from the inlet passage 10 
through the upstream and downstream feeder branches 11 
and 16, to the rod end of the cylinder 6 by way of service 
passage 20. In said first operating position, the spool also 
directs to the exhaust passage 17 the fluid expelled from the 
head end of the cylinder and returned to the service passage 
19. When the spool is shifted to a second operating position to 
the right of neutral, it reverses those cylinder connections to 
communicate service passage 19 with the inlet passage 10 
through feeder branches 11 and 15, while communicating ser 
vice passage 20 with its adjacent exhaust passage 18. 

In either operating position of the spool, pressure fluid is 
passed from the inlet passage 10 to the upstream feeder 
branch 11 through a throttling orifice in the center land 25 on 
the spool, which throttling orifice sets the rate at which pres 
sure fluid flows to the selected service passage. For this pur 
pose, a notch 30 formed in the land 25 and extending axially 
along the periphery thereof from its left hand end provides 
said orifice when the spool is shifted to its operating position 
to the right of neutral. The notch becomes wider and deeper 
toward the spool groove 22 to which it opens, so that the rate 
at which fluid flows therethrough to the upstream branch 11 
of the feeder passage increases with the distance the spool is 
displaced to the right of neutral. 
A similar notch 31 in the land 25 opens to the spool groove 

23, and provides an orifice of variable size through which 
pressure fluid must flow to reach the inlet branch 11 of the 
feeder passage when the spool is shifted to its operating posi 
tion to the left of neutral. 

lf desired, each notch 30-31 can be paired with an identi 
cal diametrically opposite notch to provide the orifice whose 
size is determined by the setting of valve spool 8. 

According to this invention, the rate at which the control 
spool 8 causes pressure fluid to flow to one or the other of the 
service passages is maintained constant in any setting of the 
spool by means of a pressure compensating valve mechanism 
33. The pressure compensating valve mechanism 33 is located 
in the valve body to control flow of fluid from the transfer 
passage 11 to the offset downstream portion 13 thereof. It 
comprises a hollow cup-like plunger 34 that is axially slidably 
received in a bore 35 having a reduced but coaxial portion 36 
which opens to the transfer passage 11. The other end of the 
bore 35 is communicated with the inlet passage 10 through a 
passageway 37. 

Since the offset downstream portion 13 of the transfer 
passage opens laterally from the bore 35 at its end portion 
remote from the passageway 37, it can be said that the transfer 
passage is also comprised of portions of bore 35 and its coaxial 
bore portion 36. 
The compensating plunger 34 is disposed with its closed end 

or bottom 38 adjacent to the passageway 37. Accordingly, 
fluid at inlet pressure can at all times act thereon and tend to 
move it to the left, toward a closed position bridging across the 
mouth of the offset downstream branch 13 of the transfer 
passage to close it off from the transfer passage portion 11 up 
stream therefrom. Such response of the plunger 34 to the fluid 
pressure obtaining in the inlet passage 10 is yieldingly opposed 
by an expansion spring 40, which urges the plunger toward the 
right into passageway 37. 
When the directional control spool 8 is in its neutral posi 

tion shown, the inlet passage i0 can be substantially relieved 
of pressure in a known manner, so that the compensating 
plunger 34 will then occupy a wide open position establishing 
full communication between the offset portions 11 and 13 of 
the transfer passage. 

Similarly, in a known manner, pressure fluid at full pump 
pressure can be produced in the inlet passage 10 as a con 
sequence of shifting of the directional valve spool 8 to one or 
the other of its operating positions at which a metered amount 
of pressure fluid is delivered to a selected one of the service 
passages through the orifice defined by one of the throttle 
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4 
notches 30 or 31 in the valve spool, for flow to the hydraulic 
cylinder. Pressure of fluid at the upstream side of the orifice in 
the land 25 will then act upon the compensating plunger to 
tend to move it to its closed position, while pressure fluid at 
reduced pressure at the downstream side of said orifice will 
act opposingly upon the plunger and in concert with spring 40 
to tend to move the plunger to its open position. 
As a result of such opposing forces, the plunger will seek a 

position intermediate its open and closed positions, at which it 
will meter fluid flow through a second orifice defined by the 
mouth of the offset downstream branch 13 of the transfer 
passage, to an extent depending upon the pressure drop across 
the upstream orifice defined by the notches (30 or 31) in the 
center land 25 of the valve spool. 

In this way, the plunger will automatically maintain flow of 
pressure fluid to either service passage at a rate as determined 
by the extent to which the valve spool 8 is displaced from its 
neutral position. Moreover, it will do so regardless of varia 
tions in the pressure of fluid in the inlet passage 10 or of load 
produced variations in the pressure of fluid in the feeder 
passages 11-12. The load on the cylinder, in either operating 
position of the valve spool, of course, will determine the pres 
sure at the downstream side of the spool orifice if inlet pres 
sure in passage 10 remains constant. 

Stated in another way, the rate of flow to the cylinder as set 
by adjustment of the directional valve spool 8 will vary with 
change in load resistance. If the load resistance diminishes, the 
flow rate will tend to increase and the pressure differential 
across the spool orifice will increase accordingly. This in 
crease in pressure differential is caused by drop in pressure at 
the downstream side of the spool orifice while the pressure at 
its upstream side remains substantially constant. As a result, 
the compensating plunger 34 responds to the increased pres 
sure differential by moving to the left, in the flow restricting 
direction, to reduce the rate at which pressure fluid flows past 
it into the downstream transfer branch 13 from its upstream 
portion 11 and thereby maintain the desired flow rate to the 
cylinder. 

If the load resistance should remain constant while the pres 
sure in the inlet passage 10 varies, the pressure drop across the 
spool orifice will be varied accordingly to similarly cause a 
compensating response of plunger 34. For example, the 
plunger will move in the flow restricting direction if the inlet 
pressure increases, and it will move in the flow increasing 
direction if inlet pressure decreases. 

In other words, the compensating plunger will move to the 
left, in the flow restricting direction, in accordance with in 
crease in the pressure differential across the spool orifice (30 
or 31); and it will move to the right in the flow increasing 
direction, upon decrease in the pressure differential across the 
spool orifice. As brought out above, this holds true regardless 
of whether the pressure differential varies because of change 
in pressure at the upstream side of the spool orifice or at the 
downstream side of said orifice. 

It is significant to note that in either operating position of 
the valve spool 8, pressure fluid flows to the cylinder after 
passing through a first manually adjustable orifice (30 or 31) 
in the valve spool itself, and then serially through a second ori 
fice at the mouth of the downstream transfer branch 13, which 
second orifice is automatically adjustable under the action of 
the pressure compensating plunger 34. 

FIG. 2 illustrates how pressure compensating valve 
mechanisms such as described above can be incorporated in a 
control valve of sectional construction in an exceptionally 
simple manner. The two valve sections therein seen are assem 
bled in stacked relation, and comprise an upstream valve sec 
tion 5a and an adjoining downstream valve section 5b. The 
section 5b is illustrated as the final control section of a valve 
bank. 
The inlet passages 10 of the two sections are in full commu 

nication with one another across the junction between them. 
In this way, the inlet passages of all the valve sections of a 
bank thereof can always be maintained at full pump output 
pressure. 
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Each valve section, of course, has its own feeder passage 2 
which is communicable with the upstream feeder branch or 
transfer passage of the section through a bore 36, transfer 
branch 13 and check valve A4. In addition, the inlet 
passageway 37 in each valve section can open to the upstream 
face of that section, to be closed by the downstream face of 
the adjoining upstream valve section as shown. 

In this case, however, the pressure compensating plunger 34 
in each valve section is slidable axially in a bore 35 having its 
axis crosswise of or perpendicular to that of the bore 9 con 
taining the valve spool 8. Moreover, the bores 35 are also 
disposed with their axes at right angles to the junctions of the 
valve sections, and they open toward said junctions, into their 
respective inlet passageways 37. Hence, the plunger of each 
compensating valve mechanism is held against displacement 
from its bore by the adjacent valve section, toward which it is 
biased by its spring 40. 
Again referring to FIG. A., it will be seen that pressure fluid 

exhausting from the head end of the cylinder 6 and returning 
to service passage 9 is caused to flow to an exhaust outlet 42 
through a throttle notch 43 in the valve spool. The notch 43, 
of course, communicates the groove 21 in the spool with the 
exhaust passage 7 in the left hand operating position of the 
spool. 
The exhaust passage 7 is also communicable with the ex 

haust outlet 42 through an annular valve seat provided by the 
outer end portion of a bore 44 having its inner end in open 
communication with the service passage 9. As shown, the ex 
haust outlet opens laterally from one side of the bore 44, 
downstream from the valve seat 46. 
A second pressure compensating valve mechanism 47 con 

trols the degree of communication between the exhaust 
passage 7 and the outlet 42 in accordance with the pressure 
differential across the throttle rotch 433. Like the valve 
mechanism 33, it also comprises a hollow cup-like plunger 48, 
having its closed end in the service passage is and its open 
end portion movable into and out of engagement with the an 
nular seat 46 to regulate exhaust flow therethrough to the out 
let 42. A spring 49 yieldingly urges the plunger toward the 
right, to an open position such as shown, at which exhaust 
fluid can flow past the open outer end of the plunger to the 
outlet 42. 
The throttle notch 43 may have a diametrically opposite 

duplicate, as do the notches 30 and 3A. it and its duplicate, if 
one is provided, can have an appropriate relationship to the 
orifices 36-31 in the center land of the spool, so as to allow 
free exhaust of fluid from the head end of the cylinder in con 
sequence of supply of metered amounts of fluid to its rod end. 

If gravity tends to accelerate lowering of a heavy load on the 
cylinder, however, fluid would be expelled from the head end 
of the cylinder at an abnormally high rate in the absence of the 
second pressure compensating valve mechanism 47. In that 
case, the exhaust fluid pressure builds up in the service 
passage 9, upstream from throttle notch 43, while the pres 
sure in the exhaust passage 7 remains substantially constant. 
As a result, the pressure compensating plunger 48 is actuated 
by the increased pressure differential across the throttling 
notch 43 toward its closed position to reduce flow to the outlet 
42. When the pressure differential across the throttle notch 43 
lessens, the spring 49 moves the plunger 48 to the right, to in 
crease flow from the exhaust passage 17 to the outlet 42. 

it will thus be seen that the second pressure compensating 
valve mechanisrn 47 acts somewhat in the nature of a counter 
balancing valve in that it serves to coordinate exhaust flow of 
fluid from the cylinder with supply flow thereto. However, it 
differs from a true counterbalancing valve primarily in that its 
valve plunger 48 is urged toward a normally open position, 
whereas the valve element of a counterbalancing valve would 
normally occupy a closed position. 

FIG. 6 reveals how the pressure compensating valve 
mechanism 33 of FIG. 1 can be modified to prevent hunting 
and/or flutter of its plunger. The valve mechanism 133 seen in 
FIG. 6 has a plunger 134 like that previously described, to 
control flow of fluid from the upstream transfer branch a to 
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6 
its downstream branch A3 in accordance with change in pres 
sure differential across the spool orifice 30 or 31. 

in this case, however, the plunger 234 is provided with three 
coaxial bores. The largest diameter bore 51 opens toward the 
transfer passage; the second largest diameter bore 52 is inter 
mediate the ends of the plunger and contains a ball check 53 
and a biasing spring 54 therefor; and the smallest bore 55 
opens through the end of the plunger remote from the transfer 
passage 1 and into the branch 37 of the inlet passage 18. 
The plunger biasing spring 40 bears against a perforated 

washer 56 and holds the latter against the shoulder defined by 
the junction between bores 5; and 52. The spring 54 is con 
siderably weaker than the spring 40, and it is confined 
between the washer 56 and the ball check 53 to yieldingly 
hold the latter in a closed position extending partly into the 
smallest bore 55 and engaging the seat provided by the inner 
end of said bore. Consequently, the ball check 53 precludes 
flow of pressure fluid from the interior of the plunger i34 to 
the inlet passageway 37, while allowing flow in the opposite 
direction into the plunger. 
The plunger biasing spring 40 is loosely encased in a tube 57 

that projects part way into the largest bore SE in the plunger, 
with a slight clearance space 58 between its exterior and the 
surrounding wall of the bore. The clearance space 58 thus af. 
fords such restricted communication between the transfer 
passage la-É3 and thc interior of the plunger i34 as will 
have a damping or dash pot effect upon the response of the 
plunger to variations in the pressure differential across the 
spool orifice 30-32. Accordingly, flutter and/or hunting of 
the plunger is eliminated, and the plunger is substantially 
stabilized in any flow restricting position it may occupy. 
The control valve seen in F.G. 3 is similar to that of FG, A, 

but it also has a pressure compensating valve mechanism 233 
of modified construction. Its pressure compensating plunger 
234 is slidable in a bore 235 which cuts across the bight of the 
U-shaped feeder passage 12 and open; downwardly to the 
transfer passage 11. The axis of bore 235 is thus crosswise of 
the valve spool 8 and substantially parallel to the downstream 
feeder branches 5 and 6. 
The bore 235 opens downwardly to the transfer passage 1: 

through a hole 60 in the bottom of a ledge 6; that flatwise op 
poses the open lower end of the plunger 234. The other end 
portion of bore 235 opens upwardly to a pressure chamber 62 
which is communicated with the inlet passage 10 by means of 
a duct indicated at 63. Hence, fluid in chamber 62 will be at a 
pressure corresponding to that obtaining in the inlet passage 
i0 and will again exert force upon the closed end 238 of the 
compensating plunger and urge it downwardly, toward the 
waive spool 8, toward a closed position shown at which a por 
tion thereof adjacent to its open end extends across the bight 
portion of the feeder passage 12 to block communication 
between it and the transfer passage 1. 
The cylindrical side wall of the plunger 234 is slidably 

telescoped over the sleeve 64 of a guide member 65 for a load 
holding check valve 66 which serves the same purpose as the 
check valve 4 mentioned hereinbefore. The lower end of the 
sleeve 64 projects from the compensating plunger and is 

60 joined to a head 67 that seats upon the ledge 61; and it is inter 

65 

70 

nally formed with an upwardly facing seat 68 for the check 
valve 66. The sleeve is also provided with holes 69 just above 
the check valve seat 63, through which pressure fluid can flow 
from the transfer passage it to the space in the lower end por 
tion of the bore 235 beneath the open lower end of the com 
pensating plunger 234. 
The upper end of the sleeve 64 is engagable by the closed 

end 238 of the compensating plunger 234 to define the lower 
most or closed position of the plunger when the head 67 is 
seated on its ledge 6. In said closed position, the lower end of 
the plunger is above the radial holes 69 in the sleeve 64, as 
shown. 

75 

An expansive spring 71 confined between the closed end 
233 of the compensating plunger and a perforated washer 72 
that seats on an upwardly facing ledge 73 in the interior of the 
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sleeve, tends to move the plunger and guide member in op 
posite axial directions. Thus, under normal operating condi 
tions, fluid pressure in chamber 62 pushes downwardly on the 
plunger 234 and on the spring 71 so that the latter maintains 
the guide member seated on its ledge 61. The spring 71, of 
course, yieldingly opposes downward or closing motion of the 
compensating plunger under the force which pressure fluid in 
chamber 62 exerts upon the closed end of the plunger. 
The load holding check valve 66 is also hollow, and a light 

spring 74 reacting between it and the underside of the washer 
72 yieldingly resists upward motion of the check valve off of 
its seat. 
The compensating valve mechanism 233 also operates to 

maintain the flow of fluid through either service passage to the 
hydraulic cylinder at a constant rate determined by the setting 
of the valve spool 8. Thus, if it is assumed that pressure of 
pump fluid in inlet 10 and chamber 62 remains constant, the 
compensating plunger will be moved in the closing direction 
to restrict flow to the feeder passage 12 in response to an in 
crease in the pressure differential across the spool orifice pro 
vided by one or the other of the grooves 30 and 31; and the 
plunger will be moved in the opening direction, to increase 
flow to the feeder passage 12 in response to a decrease in the 
pressure differential across the spool orifice. In either case, 
the plunger will compensate for whatever change in load re 
sistance caused the change in pressure differential, and flow 
rate, from that originally selected by the setting of the valve 
spool 8. 
Whereas the FIG.3 embodiment of the invention provides a 

separate guide member 65 for the load holding check valve 
66, FIG. 4 discloses how the loadholding check valve 76 itself 
can be mounted in the compensating plunger 334. As before, 
the bore 335 for the compensating plunger opens upwardly to 
the pressure chamber 62, but it opens downwardly to the 
transfer passage 11 through a counterbore 77. The counter 
bore 77, in turn, opens from an enlarged chamber 78 between 
the bore 335 and counterbore 77. 
The load holding check valve 76 has an enlarged head 80 

which operates in the chamber 78 and is engageable with an 
upwardly facing valve seat 81 formed at the junction of the 
counterbore 77 with the chamber 78. When so engaged with 
its seat, the check valve prevents pressure fluid in the feeder 
passage 12 from backing up into the transfer passage 1 at 
times when the compensating plunger 334 is open. 
A sleeve 82 on the check valve extends upwardly from its 

head 80 and projects telescopically upwardly into the interior 
of the plunger 334. The sleeve terminates short of the closed 
end of the plunger so that the check valve can open even 
though the compensating plunger is in its closed position. An 
expansion spring 83 confined between the head 80 of the 
check valve and the closed end of the compensating plunger 
tends to axially separate the same. The spring, of course, is re 
lied upon to yieldingly hold the load holding check valve 
seated and to yieldingly oppose closing motion of the compen 
sating plunger. 
The sleeve 82 is also provided with radial holes 84 therein, 

near its junction with the head 80 of the valve; and communi 
cation is established between the transfer passage 11 and 
chamber 78 through said holes 84 and a small diameter axial 
passageway 85 in the valve head, opening to the space inside 
its sleeve. If desired a small upwardly opening pilot ball check 
valve 86 can be provided to control the axial passageway 85. 
The ball check, of course, will open whenever pressure fluid 
enters the transfer passage 11, to allow such fluid to flow 
through passageway 85 and radial holes 84 to chamber 78 be 
fore the head 80 of the load holding check valve is lifted off of 
its seat by the pressure of fluid entering the transfer passage. 
With the construction described, fluid at full pump pressure 

in chamber 62 will act upon the closed end of the compensat 
ing plunger and tend to move it downwardly, in the closing 
direction. In either operating position of the valve spool, fluid 
will flow into the transfer passage 11 from one or the other of 
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such fluid will pass into the chamber 78 to act upon the open 
lower end of the compensating plunger and tend to move it 
upwardly, in the opening direction toward which it is biased by 
spring 83. Accordingly, the plunger will be actuated in 
response to increases and decreases in the pressure dif 
ferential across the spool orifice defined by groove 30 or 31, in 
whatever direction is necessary to maintain fluid flow to the 
feeder passage 12 at the rate set by the directional valve spool 
8. 

FIG. 5 discloses still another embodiment of the invention 
wherein separate load holding check valves 88-89 are pro 
vided for the service passages 19-20, respectively. If desired, 
the check valves 88-89 can be confined within the 
directional valve spool 90 in a more or less conventional way, 
as shown. 
The pressure compensating valve mechanism 433 is like 

that seen in FIG. 1 to the extent that it comprises a hollow 
cup-like plunger 91. The plunger is axially slidably disposed 
with its closed end 92 uppermost in a bore 93 that extends 
crosswise of but axially toward the valve spool 90. While one 
end of the bore terminates in a pressure chamber 62 remote 
from the valve spool, the other end of the bore opens to the 
transfer passage 11 through a hole 94 in a ledge 95 which is 
engageable by the open lower end of the plunger to define its 
fully closed or lowermost position. A compression spring 96, 
extending up into the interior of the plunger engages its closed 
end to yieldingly bias the plunger upwardly off of its ledge. As 
before, full pump pressure is at all times imposed upon the 
closed end of the compensating plunger, by means of a duct 
63 that communicates the chamber 62 with the inlet passage 
10. 
As in the embodiments of the invention seen in FIGS. 3 and 

4, the compensating plunger is here shown in a completely 
closed position, which position it would occupy if the control 
spool were in its neutral position and full pump output pres 
sure obtained in the inlet passage 10 of the control valve. Its 
operation, of course, will be exactly the same as that of its 
counterpart in the FIG. 1 embodiment of the invention. 
The valve mechanism shown in FIG. 7 is like that seen in 

FIG. 1 except that it provides for substantially free flow of 
return fluid to the outlet at times when a heavy load is imposed 
upon the cylinder 6. Such a situation could be encountered, 
for example, when the valve spool is in its left hand operating 
position directing pump output fluid through service passage 
20 to the rod end of the cylinder, and directing exhaust fluid 
from the head end of the cylinder, returning to service passage 
19, to the outlet 42 via exhaust passage 17. 
The pump should not be additionally loaded by any obstruc 

tion to flow of exhaust fluid to the outlet at this time. Accord 
ing to this invention, the exhaust compensating valve 
mechanism 47 can either be bypassed or rendered ineffective 
to obstruct exhaust flow to the outlet by means which 
responds to pressure of fluid in the feeder passage 12, 
downstream from the pressure compensating valve 
mechanism 33, in excess of a predetermined high value such 
as reflects the magnitude of a heavy load upon the cylinder. 

FIG. 7 illustrates how a disabling piston 96 operating in a 
cylinder 97 can be provided with a stem 98 to engage the 
plunger 48 of the compensating valve mechanism 47 and 
render the latter ineffective as soon as the pressure in the 
feeder passage 12 exceeds a predetermined high value. 
The cylinder 97 is coaxial with the plunger 48 of the com 

pensating valve mechanism 47 and is located opposite the 
open side of plunger 48 with exhaust passage 17 between the 
latter and the cylinder. The stem 98 extends forwardly from 
the piston 96 through a close fitting bore 99 in the valve body, 
into the angular extension 17 of the exhaust passage, and 
through the annular valve seat 46 to the hollow interior of the 
plunger 48. The stem terminates short of the bottom 100 of 
the well in the plunger, and it is encircled by the spring 49 for 
the latter. 
The length of the stem 98 is such as to cause actuation of 

the orifice defining grooves 30-31 at reduced pressure, and 75 the plunger 48 to its wide open position shown when the 
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piston 96 is displaced to its right hand limit of motion in con 
sequence of admittance of pressure fluid into the left hand end 
of the cylinder. A duct 01 connecting with the left hand end 
of the cylinder and with the feeder passage 12 is provided for 
this last named purpose. 
The forward end of the cylinder 97 is preferably vented, as 

by a duct indicated at 02, communicating with the outlet 42. 
Consequently, when pump output fluid is flowing into the 

rod end of cylinder 6 to move a heavy load, the piston 96 in 
cylinder 97 will be actuated to fully open the compensating 
valve mechanism 47 on the exhaust side of the control valve as 
soon as the pressure in the feeder passage 2 then commu 
nicated with the rod end of the work cylinder exceeds a 
predetermined high value. This assures that the pump need 
only overcome the work load on cylinder 6, and not be bur 
dened by any restriction to return flow from the head end of 
the cylinder. 
From the foregoing description, together with the accom 

panying drawings, it will be readily apparent to those skilled in 
the art that this invention provides an improved control valve 
wherein a single pressure compensating valve mechanism is 
able to automatically control the rate at which pressure fluid 
flows through either of a pair of service passages to one end or 
the other of a double acting hydraulic cylinder in accordance 
with the adjustment of an orifice governed by the directional 
control spool of the control valve; and wherein a second pres 
sure compensating valve mechanism can also govern return 
flow of fluid from the controlled cylinder to prevent lowering 
of a load thereon at an excessive rate. 

i claim: 
1. A control valve of the type having a valve element which 

is shiftable toward each of a pair of operating positions at op 
posite sides of a neutral position to direct pressure fluid from 
an inlet passage to one or the other of a pair of service 
passages, characterized by: 

A. means constraining pressure fluid flowing to either ser 
vice passage to pass serially through first and second vari 
able orifices, 

B. the size and flow restricting effect of said first orifice 
being determined by the extent to which the valve ele 
ment is displaced from neutral; 

C. the second orifice comprising a compensating valve come 
mon to both service passages and having a pressure 
responsive plunger for automatically adjusting the size of 
said second orifice, said plunger being acted upon by 
pressure of fluid obtaining at the downstream side of the 
first orifice to be urged thereby in the direction to in 
crease the size of the second orifice; 

D. spring means acting upon said plunger to yieldingly urge 
it in said direction; and 

E. means for translating the pressure of fluid obtaining at 
the upstream side of said first orifice into a force on the 
plunger tending to move it in the opposite direction, to 
decrease the size of the second orifice. 

2. The control valve of claim 1, further characterized by: 
A. feeder passage means having a separate feeder branch 

for each service passage, through which pressure fluid 
flows to the latter under the control of the valve element; 

B, said feeder branches being downstream from said second 
orifice and the feeder passage means having a common 
inlet branch that communicates said first and second ori 
fices, and 

C. the valve element having orifice defining means thereon 
that provides said first orifice and restricts fluid flow from 
the inlet passage to said inlet branch regardless of the 
direction in which the valve element is shifted out of 
neutral. 

3. The control valve of claim 2, wherein said valve element 
comprises an axially slidable spool having a land thereon to 
block communication between the inlet passage and said inlet 
branch in the neutral position of the spool. 

4. The control valve of claim 3, wherein said orifice defining 
means comprises notches in said land on the valve spool, 
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5. The control valve of claim 2, further characterized by 

load holding check valve means arranged to open to permit 
pressure fluid to flow to either service passage from its feeder 
passage branch. 

6. The control valve of claim 5, wherein said check valve 
means is located in said inlet branch so as to commonly serve 
both feeder passage branches and their respective service 
passages. 

7. The control valve of claim , wherein the valve element 
directs pressure fluid returning to one of said service passages 
to an exhaust passage that leads to an outlet, and further 
characterized by: 

A. A throttle groove in the valve element through which 
return fluid must flow to reach said exhaust passage; 

B. said exhaust passage normally communicating with the 
outlet through an annular valve seat; and 

C. a pressure responsive valve member movable toward a 
closed position of engagement with said seat to restrict 
fluid flow therethrough to the outlet in response to in 
crease in pressure differential across said throttie groove. 

8. The control valve of claim 7, wherein said pressure 
responsive valve member has: 
A. a first surface upon which pressure fluid returning to said 
one service passage can act to impart closing motion to 
the valve member; asid 

B. a second surface upon which pressure fluid in the exhaust 
passage can act to impart opening motion to the valve 
nerber. 

9. The control valve of claim , further characterized by 
means for damping motion of said plunger. 

10. The control valve of claim , wherein the valve element 
directs pressure fluid returning to one of said service passages 
to an exhaust passage that leads to an outlet, 2nd further 
characterized by: 

A. a throttle groove in the valve element through which 
return fluid must flow to reach said exhaust passage; and 

B. a pressure responsive valve member to control flow of 
fluid from the exhaust passage to the outlet, said valve 
member being movable in response to increase in pres 
sure differential across said throttie groove to restrict 
fluid flow to the outlet. 

1. The control valve of claim 10, further characterized by 
means responsive to pressure of fluid above a predetermined 
high value at the downstream side of said second orifice for 
substantially freely communicating said one service passage 
with the outlet. 

2. The control valve of claim 1, wherein said last named 
means is operable to render said pressure responsive valve 
member ineffective to restrict exhaust flow to the outlet at 
times when pressure of fluid is above said predetermined high 
value at the downstream side of said second orifice. 

3. The control valve of claim 2, wherein said last named 
means comprises a fluid pressure responsive disabling piston 
associated with said pressure responsive valve member to ac 
tuate the same to an inoperative position in consequence of 
subjection of the piston to fluid from the downstream side of 
said second orifice at a pressure exceeding said predetermined 
high value. 

14. A control valve of the type having a body with a valve 
element shiftable from a neutral position toward an operating 
position at which it directs fluid from a pressure fluid inlet 
passage to a service passage, characterized by: 
A. means providing a throttling orifice controlled by the 

valve element, through which pressure fluid flows to said 
service passage from the inlet passage in said operating 
position of the valve element, in an amount depending 
upon the extent the valve element is displaced from 
neutral; 

B. a compensating valve mechanism providing an automati 
cally adjustable orifice through which the downstream 
side of said throttling orifice is communicated with said 
service passage in said operating position of the valve ele 
ment, said compensating valve mechanism having a pres 
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sure responsive plunger to automatically enlarge and con 
tract said automatically adjustable orifice, depending 
upon the direction in which the compensating plunger is 
moved; 

C. spring means yieldingly urging the plunger in the 
direction to enlarge said automatically adjustable orifice; 

D. means for translating pressure of fluid obtaining 
downstream from said throttling orifice into force on the 
plunger tending to move it in the direction to enlarge the 
automatically adjustable orifice; and 

E. means for translating pressure of fluid obtaining up 
stream from said throttling orifice into force on the 
plunger tending to move it in the direction to contract 
said automatically adjustable orifice. 

15. The control valve of claim 14, further characterized by: 
A. feeder passage means in the body having upstream and 
downstream portions that are respectively communicated 
with the inlet and service passages by the valve element in 
said operating position thereof, and 

B. said compensating valve mechanism being located at the 
junction between the upstream and downstream portions 
of the feeder passage means to control communication 
between said portions through said automatically adjusta 
ble orifice. 

16. The control valve of claim 15, wherein the valve ele 
ment is shiftable toward each of a pair of operating positions 
at opposite sides of neutral to direct pressure fluid from the 
inlet passage to one or the other of a pair of service passages, 
and further characterized by: 

A. throttling orifice means in the valve element effective to 
restrict fluid flow to the selected service passage in either 
operating position of the valve element; and 

B. said downstream portion of the feeder passage means 
comprising a pair of communicated branches, one for 
each service passage and selectively communicable 
therewith by the valve element. 

17. The control valve of claim 14, further characterized by 
means for damping motion of said pressure responsive 
plunger. 

18. A control valve of the type having a body with a valve 
element shiftable axially in an elongated bore to each of a pair 
of operating positions at opposite sides of a neutral position to 
direct pressure fluid from an inlet passage to one or the other 
of a pair of service passages, characterized by: 
A. feeder passage means through which pressure fluid flows 

to either service passage, said feeder passage means hav 
ing: 
1. downstream portions which are selectively commu 

nicable with the service passages under the control of 
the valve element; and 

2. a common upstream portion communicable with the 
inlet passage in both operating positions of the valve 
element; 

B. a land on the valve element which normally closes off 
communication between the inlet passage and said up 
stream feeder portion, said land having throttling notches 
therein through which pressure fluid flows to said up 
stream feeder portion in either operating position of the 
valve element in a metered amount dependent upon the 
extent the valve element is shifted out of neutral; and 

C. a compensating valve mechanism controlling flow from 
the upstream feeder portion to said downstream feeder 
portions, and having: 
1. a pressure responsive plunger for regulating flow to the 
downstream feeder portions of whatever metered 
amount of pressure fluid is allowed to enter the up 
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stream feeder portion from the inlet passage via said 
throttling notches; 

2. spring means urging the plunger in the direction to in 
crease the rate of flow to said downstream feeder por 
tions; 

3 means for translating pressure of fluid in said upstream 
feeder portion into force on one portion of the plunger 
tending to move it in said direction to increase rate of 
flow; and 

4. means for translating pressure of fluid in the inlet 
passage into force on another portion of the plunger 
tending to move it in the direction to decrease the rate 
of flow to the downstream feeder portions. 

19. The control valve of claim 18, further characterized by 
check valve means in said upstream feeder portion, upstream 
from the compensating plunger, arranged to close to prevent 
reverse flow in the feeder passage means. 

20. The control valve of claim 18, further characterized by: 
A. means upstream from the plunger in said upstream 

feeder portion providing a valve seat which faces in the 
downstream direction, and through which pressure fluid 
admitted to the upstream feeder portion flows in order to 
exert force on the plunger; and 

B. a valve member cooperable with said seat, to prevent 
reverse flow of fluid in said feeder passage means. 

21. The control valve of claim 20, further characterized by 
said valve seat being on the valve body and having a diameter 
greater than that of the plunger. 

22. The control valve of claim 21, further characterized by: 
A. a pilot passage in said valve member, communicating 

zones of the upstream feeder portion at each side of said 
valve seat; and 

B. a pilot check valve in said pilot passage, arranged to open 
in the downstream direction. 

23. The control valve of claim 20, further characterized by: 
A. there being a ledge on the body, in said upstream feeder 

portion and facing in the downstream direction, toward 
the compensating plunger, 

B. the compensating plunger having a bore which opens 
toward said ledge, 

C. a member slidably supported in the plunger bore and 
having a portion to engage said ledge; 

D. said spring means acting upon said member to yieldingly 
urge it toward engagement with said ledge; and 

E. a check valve controlled passage means in said member, 
through which pressure fluid can flow from the upstream 
to the downstream portions of the feeder passage means. 

24. A control valve of the type having a valve element which 
is shiftable from one to another of a pair of operating positions 
to in turn connect each of a pair of service passages with an 
inlet passage and the other service passage with an outlet con 
nected exhaust passage, characterized by: 

A. means operable in one of said operating positions of the 
valve element to constrain return pressure fluid flowing to 
the outlet from one of said service passages to pass seri 
ally through first and second variable orifices; 

B. the size and flow restricting effect of said first orifice 
being determined by the extent to which the valve ele 
ment is displaced toward said one operating position; 

C. a compensating valve having a pressure responsive 
plunger for automatically decreasing the size of said 
second orifice in response to increase in the pressure dif 
ferential across said first orifice; and 

D. means operable in response to pressure of fluid above a 
predetermined high value in the other of said service 
passages for effecting substantially free communication 
of said first designated service passage with the outlet. 


